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This invenbon is directed to the art of foam food trays for the packaging of perishable food. More specif- 
ically, this invention is directed to a novel packaging apparatus of polypropylene foam having a laminated ear- 
ner film which provides an effective oxygen barrier material to the packaging trade. 

Foam food packaging trays are well known. Foam trays having flexible polymeric film sheet adhered there- 
to are known from U.S. Patent No. 4.847,148 (July 11. 1989) and U.S. Patent No. 4.935.089 (June 19 1990) 
both to Schirmer which disclose a thermoformable barrier sheet and a method for making same, respectively* 
The Schirmer patents disclose a barrier film having low oxygen transmission bonded to foamed or unfoamed 
polystyrene. " 

U.S. Patent No. 4.832.775 to Park et al is directed to a polystyrene foam substrate bonded to an oriented 
polypropylene film with an acrylic adhesive. 

U.S. Patent No. 4.344.710 (August 17, 1982) issued to Johnson et al and U.S. Patent No. 4 424 287 (Jan- 
uary 3. 1984) issued to Johnson et al disclose a polymer foam extrusion system and process in which blends 
of alkanes and C0 2 gas are used to foam polymers such as polystyrene. 

U S Patent No. 4.916.198 to Scheve et al discloses a high molecular weight propylene polymer charac- 
tenzed by high melt strength due to strain hardening which is believed to be caused by free-end long chain 
branches of the molecular chains forming the polymer. * 

U.S. Patent No. 4,365,044 to Liu discloses a composition comprising crystalline polypropylene a hydro- 
genated copolymer of vinyl toluene and alpha-methyl styrene and low density polyethylene 

U.S. Patent No. 5,047,446 to DeNicola, Jr. discloses a method of treating a free radical containing propy- 
lene polymer material which results in the production of more long chain branching 

U.S. Patent No. 5,047.485 to DeNicola, Jr. discloses a processfor making a propylene polymer having free- 
end branches of propylene units. " 

■.n™ 1 ™ publications indude European Patent Disclosure No. 0411923A2 to Welsh which teaches using 
1 00 A C0 2 to foam polystyrene as does Australian Patent Disclosure No. 52724/79 issued to Hall et al 
. U f- Patan < No - 3 - 684 . 633 ^sued to Haase on August 1 5. 1 972 and discloses a laminated thermoplastic 
foam-film dish having a polystyrene foam lamina interposed between two layers of biaxially oriented polystyr- 
ene film. Lamination is done by heat sealing the film to the foam. The laminate is then thermoformed 

U.S. Patent No. 3,748,218 issued on July 24, 1973 to Newman et al and discloses a rigid multi-layer formed 
chloride tUre haVin9 8 ' ayer0f saran adhered bv tie ,a V ers to outer "V^ of impact polystyrene or polyvinyl 

U.S. Patent No. 3.793,135 issued on February 19. 1974 to Monia and discloses a formable barrier pack- 
aging material having a methyl methacrylate styrene polymer coated by means of an adhesive to vinyl chloride 
vmylidene chlor.de polymer. The packaging material can be readily drawn in a mold to form a package 

U.S. Patent No. 3.823.211 issued on July 9. 1974 to Colombo and discloses a laminate having a foamed 
polystyrene layer sandwiched between acrylonitrile- butadiene-styrene copolymer or impact styrene polymer 
layers. In producing the laminates, an inner foam bubble heat seals to an outer film bubble 

U.S. Patent No. 4.004.075 issued on January 18. 1977 to Richmond et al and discloses a packaging film 
in which an acrylon.tr.le-styrene-isobutylene interpolymer is optionally foamed, and the film can be in the form 
of an actual container of various shapes. Vacuum molding is a suitable process in connection with the use of 
styrene 1 ' ' nterpolymer ,ayer 03,1 act as a va P° r barrier ^ in combination with one or more layers of poly- 

U S. Patent No. 4.055.672 issued on October 25. 1977 to Hirsch et al and discloses a tray having impact 
polys yrene w.th a coat of saran. and a lid comprising polyester, cellophane, or nylon with a saran coating 

U.S. Patent No. 4.056,587 issued on November 1, 1977 to Honkanen et al and discloses a polystyrene 
foam sheet further expanded by impregnating with water and heating. 

i„ ate U h S ' Pat,3nt N °' < 4,07 !.'f ° iSSUed ° n February 28 ' 1978 10 Med,e y et al and disclos <* a multiple layer lam- 
inate having layers of vinylidene chloride polymer, acrylonitrile-butadiene-styrene . impact polystyrene, and op- 
tionaHy fourth and fifth layers identical to the second and first layers respectively . This laminate is use^t 
thermoforming applications. 

US. Patent No 4.111.349 issued on Septembers. 1978 to Buckler etal and discloses containers formed 
from laminates containing filled polystyrene which may be solid or foamed, with an additional outer layer of 

SvhTnlT ° r A Cry I!? 6 38 bafrier material ' andanotherout ^'ayer of crystal polystyrene. The laminates 
heat presSg C ° eXtrUSIOn technia - ues "^9 ^esive layers of ethylene vinyl acetate copolymer, or by 

«h« U «n S n h atem N °; 4,22 1' 836 iSSUed ° n Se P tember 9 - 1980 to R^edge et al and discloses coextruded plastic 
SSZETT? h f ' mPaCt P0,y8tyrene bonded b * means * an intermediate layer to an outer layer of 
acrytonitnle-butadiene-styrene polymer. The sheeting is useful in thermoforming applications 

U.S. Patent No. 4,243,725 issued on January 6. 1981 to Wiggins et al and discloses nitrite barrier resin 
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sheet having one or more layers of high impact Polystyrene _ lhermoform ab!e coextruded multi- 

of high impact polystyrene. discloses a f ilm seal for a container having a 

polystyrene. Naaano et al discloses a hot melt adhesive compo- 

^rrrrr^r^«^- — » - - ~ - 

, a tan polyayren. as «otM ouw tt» ""'tiSi-M, of ouch trays for use In 
„ big. ■MU ttf.fi that mil avaJabl. in ™£bJ * „, rjooarnon IM. wots 

^rrs^^ — -** - - 

25 aging is not weii suited for ^ n ; a ^ a ^; gnt . weignt foa m wh ich oan be manufactured without the 
Thus, there is a need for a packag ng tray otiigm wejg and can be used in a microwave oven, 
use of hydrocarbons, provided with earner properties, is easrty recycled, and can oe 

Therefore, there is room for variation and improvemen tin th "£ with barrier pro perties. 

which is easily recyclable. , rt nmvide such a polypropylene foam 

It is a still further and yet more particular object of th. to | provide ^ ^J^,^ 

a bottom surface and an upper surface, the upper '^^^^SSSSSX • «•**■" 
40 v.des an oxygen barrier. The present Invent™ is toam^hee Spared by a method such 

thermoformable foam sheet comprising (a ^mlnSS^^S^ * *• *> am sheet 8 
as that disclosed in copending U.S. Serial No ») JJJ^l!^ chloride and a bonding layer, 
r byte rnSryelTs ^ZX^Z S^tthe reby maKing a _ 
« ^ aC) subse 9 q ue y n«y thermoforming the -N-j^JJ |(wentton . 

Figure 1 is a cross-sectional view of a barner ^^.^^^JJ bar ner properties can 

50 related application f ^""T^^^ C0 2 as a blowing agent, is desirable in that such foam 

Polypropylene foam, made with ^^hou. curing delays associated with hydrocarbon 

is immediately amenable to lamination and ihe [^^lfJX^r^or tne polypropylene foam sheet 
blown foam. Afurther advantage of employmg 100% CO, as a blow mg agent ft. tne J»J That 

of the present invention, is that a blistering or delam.nat.on ^^^^SSmmi polymeric sheet. 
55 is.when100%ofahydrocarbonsuchaspentaneo,^ 
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and eventually causes adhesive failure. This phenomena applies to barrier sheets such as disclosed in above- 
mentioned U.S. Patent Nos. 4,847,148 and 4,935,089 as well as copending U.S. Serial No. 590,892. Thus, for 
purposes of the present invention 100% C0 2 or C0 2 /hydrocarbon blends which reduce the hydrocarbon con- 

5 tent of the final laminate are preferred, although pure hydrocarbon can be used. 

As seen in reference to Figure 1 of the drawings, a thermoformable barrier sheet 100 has a film 110 and 
a polypropylene foamed sheet 120 which are bonded together at bondins interface 122. Bonding interface 122 
represents a bond produced by corona bonding or by heat and pressure between layer 116 and 120. 

Layer 116 of film 110 will interface with polypropylene sheet 120 and therefore must have a surface that 

10 will adhere to polypropylene when exposed to corona discharge or heat and pressure. Preferred resins for layer 
116 include ethylene copolymers such as ethylene unsaturated ester copolymer such as ethylene methacry- 
late (EMA), ethylene n-butyl acrylate (EBA) and ethylene vinyl acetate (EVA). Layer 114 of film 110 provide 
the overall barrier sheet with gas barrier characteristics and, particularly, barrier to oxygen transmission. The 
preferred oxygen barrier resin for layer 114 is an ethylene vinyl alcohol copolymer. 

15 Additionally, barrier layer 114 may have on either or both surfaces thereof a polymeric adhesive to improve 
adherence of the barrier material to bonding layer 116 and/or to surface layer 112. Surface layer 112 serves 
two functions. First, it acts as an abuse layer, protecting the film as well as the underlying foam sheet during 
lamination, shipping and handling. For example, a most preferred method for laminating the film to the foam 
sheet is heat and pressure applied by hot rolls. Each of a pair of such rolls are generally set to the same tem- 

20 perature. For the present polypropylene foam sheet, that temperature must be sufficiently high to get steady 
tracking of the polypropylene foam. Therefore, layer 112 is preferably composed of a heat resistant polymeric 
material such as polypropylene homopolymer or copolymer. However, a second function of surface layer 112 
in many end use applications is as a seal layer for sealing a top web to a final thermoformed product such as 
a tray. A preferred resin which displays adequate heat resistance as well as sealability is ethylene propylene 

25 copolymer or polypropylene, especially for autoclave applications. For such applications, it is preferable that 
the film is irradiation cross-linked for improved high temperature strength. 

. Additionally, the barrier film of the present invention may include additional or fewer layers than those dis- 
cussed herein. For example, additional layers may be provided in between the adhesive layers and each of 
the bonding and surface layers, respectively. In a preferred embodiment, layers of ethylene vinyl acetate hav- 

30 ing relatively high percentages of vinyl acetate are disposed on the outer surfaces of adhesive layers which 
may sandwich the barrier and interior to the bonding and surface layers. Similarly, for a barrier composition 
which will readily adhere to bonding and surface layers, adhesive layers are not required. More specifically, 
for a barrier layer which can achieve the functions of the bonding layer or the surface layer or both, than such 
layer or layers may be excluded. The only limitations on the barrier film of the present invention are (1) it must 

35 provide low oxygen transmissibility without vinylidene chloride, (2) it must be capable of bonding to foamed 
polypropylene and (3) it must provide adequate surface characteristics such as abuse resistance and/or seal- 
ability, for the desired end use. Thus, unless a single resin can serve each of these functions, films having a 
minimum of three layers will be required; that is bonding layer/barrier layer/surface layer. One example of such 
a film would be an EVA/EVOH/EPC structure. 

40 Optionally, a second film may be laminated to the opposite surface of the barrier foam sheet for added 
strength, in order to provide cracking resistance to the end product when it is under stress. 

The invention may be further understood by reference to the example below. Immediately below is a Table 
1 itemizing resins employed in the actual structure produced in accordance with this invention. 

45 TABLE 1 



EMA 


= SP 2260 


(CHEVRON) 


EVA 


= REXENE PE 1375 


( ) 


LLDPE 


= DOWLEX 2044A 


(DOW) 




= QUANTUM PLEXAR 107 


( ) 


X 2 


= SORANAL ET 


(NIPPON) 


PEPP 


= AMPACET 10853 


( ) 



Table 2 lists an example prepared from the resins itemized in Table 1. The film component of a thermo- 
formable sheet was coextruded by hot blowing the component resins from a coextrusion die. Total film thick- 
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ness was 2 mils having individual layer thicknesses as Indicated in Table 2. 



TABLE 2 

EX CONSTRUCTION 



Polypropylene/ EMA / EVA /X, / X 2 / X, / EVA / 95% LLDPE / 5% PEPP 

.4ml .24ml ,2ml ,3ml .2ml .25ml ,4ml 



Example 1 above was laminated to roll of polypropylene foam by a thermobonding method. The polypro- 
pylene foam roll having an average thickness of 20.57 millimeters was fed into a lamination unit. Best adhesion 
occurs when the upper laminator rolls, being in intimate contact with the barrier film, are maintained at a tem- 
perature of 250°. The bottom laminator roll was maintained at 350° with no tunnel heat being provided to the 
laminator unit. Roller speed was constant at 12 feet per minute. 

It was found that under the above described conditions, the level of adhesion generally improved as the 
pressure supplied by the laminator rolls was increased. However, excess pressure, i.e. crushing of the foam 
sheet, is not desirable as t his tends to cause tracking problems associated with slight thickness variations with- 
in the polypropylene foam sheet 

Following lamination, foam sheets can be vacuum thermoformed using well known techniques and pro- 
cedures. Given the higher melting point of polypropylene over other thermoplastic foam, vacuum forming is 
found to work best at relatively high oven temperatures. Forming temperatures between 425°F and 590°F with 
forming times ranging from 12 to 40 seconds yielded thermoformed polypropylene trays having barrier prop- 
erties. 

The barrier polypropylene foam trays taught in accordance with this invention are well suited for food pack- 
aging trays. Trays possessed desired qualities of strength, insulation ability, are light weight, possess barrier 
properties and have superior microwave ability compared to other non polypropylene foam barrier trays. Fur- 
ther, such barrier trays can be recycled and used as reclaim in the foam extruding process. Polypropylene 
foam barrier trays are therefore ideal formicrowavable food packaging where a microwavable container is sup- 
plied. 

Traditional microwave containers with prepackaged food often use rigid plastic trays or plates to provide 
a microwavable surface for heating the food. While such structures are adequate, rigid plastic containers in- 
crease shipping weight and have poor insulation abilities. As a result, the rigid plastic trays often become too 
hot during microwaving for consumers to handle safely. 

Polypropylene foam trays, however, conduct much less heat and permit safe handling of the tray and heat- 
ed food for greater consumer convenience and safety. 

While certain representative embodiments and details have been shown for the purpose of illustration nu- 
merous modification to the formulations described above can be made without departing from the invention 
disclosed and as defined by the following appended claims. 



Claims 



A thermoformed laminated packaging tray comprising: 

(a) a flexible barrier film having (I) a barrier layer free of vinylidene chloride and (ii) a bonding layer 
capable of adhesion to a foamed polypropylene sheet when the bonding layer is exposed to heat and 
pressure; and 

(b) a layer of foamed polypropylene sheet having two opposing surfaces, wherein the bonding layer is 
adhered to one surface of the foamed polypropylene sheet 

A method for making a thermoformed laminated polypropylene packaging tray according to claim 1 com- 
prising: 

providing a polypropylene polymer; 

heating the polypropylene to a melt temperature; 

injecting the blend with carbon dioxide gas; 

extruding the carbon dioxide containing blend into a sheet; 

laminating onto one surface of the sheet a flexible barrier film having an oxygen barrier layer and 
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a bonding layer, the bonding layer adhering to one surface of the foamed polymer sheet thereby making 
a laminate; 

thermoforming the resulting laminate into a desired molded shape. 

5 

3. A method of making a thermoformed barrier tray according to claim 1 comprising: 

providing a film comprising: 

a surface layer comprising polyethylene; 

an internal layer comprising a polymer of ethylene vinyl alcohol having low oxygen transmission 
10 characteristics; and 

a bonding layer comprising ethylene rnethacrylate copolymer capable of adhesion to a thermo- 
formable plastic when exposed to heat and pressure; 

providing a thermoformable polypropylene sheet; 
bringing the film and sheet together; 
is exposing the film and sheet to heat and pressure, thereby making a laminate; and 

thermoforming the laminate into a tray. 

4. A method according to claim 3 wherein the film and sheet are passed through rolls set at between 121 °C 
(250°F) and 1 77°C (350°F). 

20 

5. A method according to claim 3 wherein the ethylene copolymer is ethylene rnethacrylate. 

6. A packaging tray according to claim 1 further including a second film adhered to an opposite surface of 
the foamed polypropylene sheet. 

7. A method according to claim 2 further including laminating a second film onto an opposite surface of the 
sheet. 

8. A thermoformable laminate comprising: 

(a) a flexible barrier film having (i) a barrier layer free of vinylidene chloride and (ii) a bonding layer 
capable of adhesion to a foamed polypropylene sheet when the bonding layer is exposed to heat and 
pressure; and 

(b) a layer of foamed polypropylene sheet having two opposing surfaces, wherein the bonding layer is 
adhered to one surface of the foamed polypropylene sheet. 

35 9. A thermoformable laminate according to claim 8 further including a second film adhered to an opposite 
surface of the foamed polypropylene sheet 

10. A method for making a thermoformable laminate according to claim 8 or 9 which comprises 
providing a polypropylene polymer; 
40 heating the polypropylene to a melt temperature; injecting the blend with carbon dioxide gas; 

extruding the carbon dioxide containing blend into a sheet; 

laminating onto one surface of the sheet a flexible barrier film having an oxygen barrier layer and 
a bonding layer, the bonding layer adhering to one surface of the foamed polymer sheet thereby making 
a laminate. 

45 
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FIGURE 1 
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